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The possible origins of apparent time delays

Lorentz invariance — the equivalence of physical laws in all inertial
reference frames LIV (Energy-dependent)

QG Time Delay — the delay in arrival time due to MDR L1 Modifled Dispersion
— Standard GR

Lorentz Invariance Violation
= Systematic Effects

== Modified Gravity

LI Modified Dispersion

GRB Source Multi-Detector
|
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Standard GR

Modified Gravity

So a time delay from LIV or else or
not at all?



QGTime delays
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The modified velocity leads to a modified time of flight of
the photons:
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The GRBs Pros/Cons/Complications

* Pros:
-- high energies (Eiso>105%%€rQ)
-- high redshifts (z~9)
-- very high energy emissions (~TeV)
-- numerous observations
* Cons:
- no ultimate GRB model,intinsic lag?
- propagational effects
- signal extraction
* Cosmology?

Alohs = Aty + Atqa + Atspec + Atpy + Algra

Intrinsic lag

Standard assumption — constant
term Eliis et al. 2005, Shao 0911.2276

Atobs
“=apvK + 5.
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For a single GRB in multiple
channels or multiple GRBs — energy

fit: Duetal. 2010.16029, Wei 1612.09425. Desai
et al. 2205.12780, Xiao et al. 2022, Agrawal

2102.11248
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Let’s include cosmology properly...

GRB

NASA/WMAP

z~1100

Cruz deWilde / Swift /

NASA

BAO

z~6

BOSS

z~2

For all, we solve the Friedmann equations:

NASA/ESA/CSA WEBB

z~2

H(z)/Hy = E(z) E(z)?=Q1+2)*+Qu(l+2)> + (1 +2)* + Qpe(2),
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TD1:
35 GRBs,
wavelet method

Ellis et al. 2006

B and y weakly constrained

CPL EA G EA

Vardanyan et al. 2022,

49 GRBs,
descrete CCF

Dataset Egg’s‘d‘ x 107 Gev ES%’C’S‘A x 1017 Gev ESEI’EA x 107 Gev ESELEA x 107 Gev
Hy — 73.04 £ 1.04
TD1 1.14 + 0.84 0.81 +0.57 1.39 +1.01 0.93 + 0.68
TD2 48.0 + 35.6 35.5+255 74.6 =559 35.8 +27.1
Hyp = 674405
TD1 1.24 +0.91 0.88 £+ 0.62 1.51+1.09 1.01 £0.735
TD2 48.0 & 35.6 35.5+255 74.6 =559 35.8 +27.1



Model

The results: Q,

BAO+CMB (darker) and
BAO+CMB+SN+GRB(lighter)

D.S., Universe 2022, 8(12), 631
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Comparing the models

Model Comparison: a vs Qn,

GRB + BAO
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Model + Dataset
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Eigenvalue (Information)
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Using the Fisher matrx,
we can study the
information content of
the posteriors

We see big difference
between the
eigenvectors and
ossible correlation
etween the
parameters.

Adding more parameter:
with wwaCDM only
worsen the situation.

Adding SN decreases
the degeneracy focusing
it beween DD
parameters



The state of the Hubble tension

The Hubble tensions is at 5.30 as of 2023! 4.50 from DESI+BBN DESI collab.,
The novelty: 1.70-3.30 evidences for wvaCDM! 2503.14738
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The uncertainty in cosmology makes LIV detection even harder.

While a shows good statistical precision, the systematic robustness remains questionable due to the
degeneracies.



Thank you for your attention!




The quantities we use
* SN/GRB 1g(2) — Mg = 5logy, [dr(2)] + 25,
TDA(2)

TS(Z*) T
DA (Z*)\f E_Zm.jjg
- )

. . ITAI 1 2y
 CMB distance priors s

R=(1+z,)
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- smh(@x) if Q>0 _
"' All depend on c/Horq so we take it as
S sin(V=Opx) i Q<0 1 factor!

Where Sk(.’f) =49X lf Qk =0




Model
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